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1 .  INTRODUCTION 


Laboratory  testing  is  often  a  valuable  adjunct  to  actual  weapons 
firings  in  the  evaluation  of  ammunition  components.  HDL' s  3- in.  air  gun 
or  artillery  simulator  permits  laboratory  or  factory  testing  of  bat¬ 
teries  and  other  devices  under  combinations  of  linear  acceleration, 
angular  acceleration,  and  sustained  spin  quite  similar  to  those  encoun¬ 
tered  in  rifled  weapons.  The  simulator  test  allows  for  more  testing  of 
lot  samples  for  acceptance  at  far  lower  cost  than  expensive  field  test¬ 
ing. 


The  artillery  simulator  is  shown  conceptually  in  figure  1.  The 
actual  3-in.  artillery  simulator  is  shown  in  figure  2.  It  consists  of  a 
98-ft  long,  3-in.  ID  barrel  that  is  used  to  fire  a  projectile  into  a 
second  3-in.  ID  barrel,  41  in.  long,  rotating  at  a  desired  spin  rate. 
In  this  rotating  tube,  the  projectile  is  simultaneously  decelerated  and 
brought  up  to  spin  (in  a  manner  simulating  actual  gun-fire)  by  impact 
with  an  ejectable  momentum  exchange  mass.  The  characteristics  of  this 
mass  are  adjusted  so  that  the  projectile  remains  in  the  spinning  tube 
after  impact.  Environments  simulated  include  velocities  up  to  500  ft/s, 
setback  forces  of  1,000  to  20,000  g,  and  spins  up  to  200  rps. 


VACUUM  TUBE  MEM  CATCH  TUBE 


EXCHANGE  MASS 


SPIN 

Figure  1.  Artillery  simulator. 
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Figure  2.  Three-in.  artillery  simulator  spin  catcher  system. 

Typical  hardware  slip-ring  read-out  systems,  however,  tend  to  intro¬ 
duce  intolerable  electrical  noise  during  spin  and  prevent  reliable 
measurement  of  voltage  and  current.  Also,  in  all  centrifugally  actuated 
contacts,  there  is  a  time  delay  between  missile  impact  and  the  start  of 
the  read-out.  This  delay  makes  it  difficult  to  measure  the  voltage  rise 
time  of  reserve  batteries. 

The  recording  of  more  than  one  voltage  in  slip-ring  systems  requires 
a  many-segmented  spin  tube  and  associated  polarity-inversion  cir¬ 
cuitry.  Additionally,  the  large-diameter  slip-rings  that  would  be 
required  for  this  application  (approximately  5  in.  in  diameter)  cannot 
meet  the  300-rps  spin  requirement. 
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The  use  of  rf  telemetry  read-out  has  the  following  advantages: 

a.  There  is  negligible  system  electrical  noise  associated  with  the 
outputs. 

b.  There  is  instantaneous  response  between  battery  activation  and 
voltage  read-out. 

c.  Telemetry  read-out  avoids  the  problems  that  arise  in  slip-ring 
systems  when  more  than  one  voltage  is  to  be  recorded. 

d.  Additional  data  channels  can  be  added  as  needed  with  a  minimum 
of  change  in  the  basic  system. 

Using  telemetry  is  a  standard  way  to  monitor  the  in-flight  performance 
of  projectile  components,  so  telemetry  is  a  convenient  solution  to  the 
read-out  problem. 

2.  DESIGN  PROCEDURE 

The  telemeter  described  here  has  many  features  in  common  with  air¬ 
borne  telemetry  systems.  Commercial  subsystems  have  been  fully  used, 
insofar  as  practical.  The  block  diagram  of  the  complete  telemeter  is 
shown  in  figure  3.  The  test  battery  voltage  is  divided  down  by  the 
divider  network,  Ri  and  R2 ,  before  appearing  at  the  input  to  the  40-kHz 
subcarrier  oscillator  (SCO).  The  22-kHz  SCO  measures  the  battery  cur¬ 
rent  by  taking  the  voltage  drop  across  the  0.5-ohm  monitor  resistor. 
The  composite  signal  is  then  broadcast  by  the  transmitter.  The 
receiving  antenna  is  near  the  entrance  to  the  spinning  tube.  The 
received  signal  is  fed  to  another  location  over  coaxial  cable,  to  be 
demodulated  and  recorded. 


TEST 

BATTERY 


ANTENNA 
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2.1  Transmitter 


The  "L"  band  transmitter,  a  commercial  device,  is  designed  for 
operation  at  1510  MHz.  It  is  ideally  suited  for  use  in  high  shock 
environments,  such  as  artillery  and  other  gun-launched  applications.  It 
has  an  output  of  150  mW  (minimum)  and  also  provides  excellent  frequency 
stability. 

2.2  Subcarrier  Oscillators 

The  22-  and  40-kHz  SCO's  are  used  to  monitor  test  battery 
current  and  voltage,  respectively.  The  input  voltage  range  of  each 
device  is  O'  to  5  Vdc,  which  causes  a  shift  in  frequency  of  the  22-kHz 
SCO  of  18.7  to  25.3  kHz,  and  of  the  40-kHz  SCO  of  34  to  46  kHz  (table 
1).  The  change  in  frequency  of  the  SCO's  is  a  linear  function  of  input 
voltage . 


TABLE  1. 

FREQUENCY 

LIMITS  OF 

SUBCARRIER 

OSCILLATORS 

I  RIG 

channel 

Center 

frequency 

(Hz) 

Lower 

deviation 

limit 

(Hz) 

Upper 

deviation 

limit 

(Hz) 

Nominal 

frequency 

response 

(Hz) 

A 

22,000 

18,700 

25,300 

660 

C 

40,000 

34,000 

46,000 

1200 

2.3  Amplifier/Mixer 

The  amplifier/mixer  stage  combines  the  outputs  of  the  SCO’s  and 
modulates  the  transmitter  with  the  composite  signal.  The  amplifier  has 
a  linear  gain  of  6  which  is  sufficient  to  modulate  the  transmitter. 

2.4  Load  Simulator 

The  current  drain  imposed  by  an  artillery  fuze  on  its  battery 
power  supply  is  rarely  constant  throughout  flight.  In  order  to  provide 
a  more  realistic  match  between  the  actual  fuze  needs  and  laboratory  test 
procedures  for  batteries,  the  XM735  fuze  group  established  a  load 
sequence.  This  sequence  called  for  the  battery  to  meet  certain  voltage 
specifications  when  the  load  profile  of  figure  4  was  imposed  on  it. 
Figure  5  shows  a  simplified  block  diagram  of  the  logic  circuitry,  which 
provides  timing  signals  that  sequentially  switch  in  the  Z,  PRE-ARM,  and 
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ARM  loads.  When  the  test  battery  is  activated,  a  regulated  +10  V  is 
derived  frcm  it  in  order  to  Operate  the  logic  circuits.  Logic  turn-on 
is  delayed  by  the  60-ms  turn-on  delay.  At  the  end  of  this  delay,  a 
binary  counter,  with  its  integral  oscillator,  starts  and  provides  an 
enabling  signal  to  the  memory/ timing  circuit. 


Figure  5.  Logic  circuit  block  diagram.  TO  TO  TO 

ARM  PRE  Z 
LOAD  ARM  LOAD 
SW  SW  SW 
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Depending  on  the  selection  of  the  binary  counter  tap,  the  ARM 
time  from  the  memory/timing  circuit  will  be  determined.  The  Z  pulse 
time  will  occur  approximately  11  s  before  the  ARM  time.  These  times  are 
shown  in  the  timing  diagram  of  figure  4.  The  clock  has  a  0.1-s  period; 
when  the  memory/timing  circuit  is  clocked  with  this  period  and  enabled, 
the  pulse  widths  and  spacings  are  determined.  The  Z,  PRE-ARM,  and  ARM 
signals  are  then  fed  to  the  appropriate  load  switches ,  as  shown  in 
figure  5.  The  detailed  circuit  diagram  of  the  fuze  load  simulator  is 
shown  in  figure  6  (p  11).  Photographs  of  the  circuit  boards  that  make 
up  the  load  simulator  and  telemeter  are  shown  in  figures  7  and  8  (p  12) . 

2.5  Auxiliary  Supply 

The  auxiliary  supply  is  an  epoxy-potted  module  consisting  of  10 
series-connected  size  1/2  AA  lithicells  (30  V)  that  is  regulated  down  to 
24  V  by  a  standard  three -terminal  voltage  regulator.  The  regulated  24-V 
output  powers  the  transmitter,  the  SCO's,  and  the  amplifier/mixer.  The 
supply  is  activated  by  shorting  pins  1  and  2,  thereby  gating  the 
silicon-controlled  rectifier  on.  The  supply  can  be  turned  off  at  the 
conclusion  of  the  test  by  shorting  pins  2  and  3.  Figure  9  (p  13)  is  a 
circuit  diagram  of  the  supply  showing  its  turn-on  and  turn-off  features. 

2.6  Antenna  Assembly 

The  telemeter  is  required  to  transmit  out  of  a  20-in.  long 
metal  spin  tube.  Although  the  parallel-plate  antenna  used  in  this 
system  was  designed  for  another  application  (HDL  design,  U.S.  Patent 
3,943,520),  its  forward-looking  radiation  pattern  makes  it  desirable  for 
radiating  the  telemetry  signal  down  the  tube.  The  antenna,  which  was 
designed  for  use  in  a  nose  cone,  is  fed  from  a  coaxial  line  at  the 
center  of  the  planar  surface  of  the  wedge,  approximately  a  quarter 
wavelength  from  the  base.  Construction  details  and  radiation  patterns 
are  shown  in  figures  10  and  11  (p  13  and  14). 

3 .  TELEMETRY  PROJECTILE 

The  major  requirements  for  air-gun  projectiles  are  low  weight  and 
good  mechanical  strength,  in  order  to  withstand  repeated  firings. 
Furthermore,  the  front  end  must  be  solid,  because  it  forms  a  plug  to 
seal  the  accelerating  tube  during  evacuation  of  air  by  a  mechanical 
vacuum  pump.  The  propelling  force  for  the  projectile  in  the  acceler¬ 
ating  tube  is  the  differential  of  air  pressure  between  the  evacuated 
tube  and  the  atmosphere  behind  the  projectile. 
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Figure  6.  Schematic  diagram  of  fuze  load  simulator  and  telemeter 
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Figure  9.  Auxillery  supply  for  telemetry. 
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Figure  10.  Details  of  parallel-plate  (wedge) 
antenna  in  3-in.  metal  nose  cone. 


Figure  11.  Parallel-plate  (wedge)  antenna  and  radiation  pattern 


The  complete  telemeter  assembly  is  contained  in  an  aluminum  sleeve 
approximately  8  in.  long  and  3  in.  in  diameter,  with  a  2-5/8  in.  diam¬ 
eter  cavity.  An  additional  3-in.  cone-shaped  antenna  is  on  the  back  of 
the  projectile  (fig.  12).  The  transmitter,  the  load  simulator  and 
telemeter,  and  auxiliary  supply  modules  are  all  epoxied  in  the  sleeve. 
Three  screws  spaced  along  the  inside  diameter  of  the  sleeve  prevent 
relative  rotation  of  the  subassemblies.  Interconnections  between 
modules  are  by  hard  wire.  The  test  battery  is  wired  into  a  phenolic 
holder  that  is  equipped  with  banana  plugs,  and  the  test  battery  holder 
is  plugged  into  two  insulated  terminals  mounted  into  a  1/8-in.  thick 
metal  plate,  which  is  an  integral  part  of  the  tube.  The  end  plate, 
which  contains  an  "0"  ring  to  insure  vacuum  integrity,  is  held  to  the 
tube  by  the  three  screws.  After  assembly,  the  telemeter  is  turned  on  by 
the  insertion  of  a  short  rod  into  a  3/8- in.  diameter  hole  in  the  side  of 
the  sleeve  that  activates  the  auxiliary  power  supply.  The  projectile  is 
now  ready  to  be  fired. 

Figure  13  presents  an  exploded  view  of  the  telemetry  projectile, 
showing  its  aluminum  sleeve,  the  antenna/transmitter  module,  load- 
simulator/  SCO  modules,  auxiliary  power  supply,  the  test  battery  in  its 
holder,  and  the  end  cap.  Figure  14  is  a  photograph  of  the  assembled 
projectile . 


LOAD 


Figure  12.  Three-in.  spin  air-gun 
telemetry  projectile. 
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Figure  13.  Exploded  view  of  telemeter. 
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Figure  14.  Telemeter  projectile. 


The  receiving  equipment,  shown  in  figure  15  (p  17)  ,  is  remotely 
located.  A  dipole  receiving  antenna  is  placed  a  few  inches  from  the 
entrance  to  the  spin  tube.  The  telemetry  signal  picked  up  by  the 
antenna  is  fed  to  the  receiver  over  coaxial  cable.  The  composite  signal 
is  then  demodulated,  and  shifts  in  frequency,  which  are  directly 
proportional  to  battery  voltage,  are  recorded. 

4.  SYSTEM  PERFORMANCE 

The  telemeter  projectile  was  successfully  tested  in  the  3-in.  spin 
air  gun.  Six  PS416  battery  power  supplies  were  tested  at  peak  acceler¬ 
ations  of  7  kg  and  spins  of  190  rps .  Recordings  of  the  battery  voltage 
and  current  pulses  were  made  on  a  two-channel  x-y  recorder  (fig.  16). 

One  minor  drawback  of  the  system  is  that  the  frequency  responses  of 
the  22-kHz  SCO  and  the  x-y  recorder  are  insufficient  to  capture  the  peak 
current  pulses.  The  use  of  a  higher  frequency  SCO  (124  kHz)  and  an 
oscillographic-type  recorder  would  solve  this  problem.  Nevertheless, 
reading  the  battery  voltage  from  the  voltage  trace  and  knowing  the  value 
of  the  load  resistors  allows  the  actual  pulse  currents  to  be  calculated 
even  with  the  22-kHz  SCO.  The  most  significant  observation  of  the 
current  trace  is  that  the  battery  was  appropriately  loaded  at  the  pre¬ 
scribed  times. 
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Figure  15.  Block  diagram  of  receiving  equipment. 


Figure  16.  Spin  air-gun  load  sequence  for 
PS416  battery  power  supply. 
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5.  SUMMARY 


The  two-channel  telemetry  projectile  described  in  this  report  is  an 
invaluable  tool  for  evaluating  fuze  power  supplies  under  simulated 
artillery  environments.  Telemetry  read-out  permits  a  degree  of 
precision  and  reliability  unattainable  with  the  read-out  of  electrical 
data  through  sliding  contacts.  This  design  completes  a  test  facility 
that  has  the  following  benefits: 

a.  It  permits  more  acceptance  testing  of  battery  power  supplies  at 
lower  costs.  The  costs  associated  with  field  tests  (gun  crews,  instru¬ 
mentation  vans  and  personnel,  projectiles,  etc)  become  prohibitive  in 
large-volume  test  programs. 

b.  It  provides  quick  turn-around  time  between  incorporation  of  new 
design  features  and  availability  of  results. 

c.  It  reduces  data  losses,  particularly  post-mortem  data 
associated  with  unrecovered  rounds  in  field  tests. 

The  two-channel  telemeter  not  only  provides  the  best  solution  to  the 
monitoring  problem  in  the  spin  air  gun,  but  also  forms  a  basic  system 
where  additional  data  channels  can  be  added  as  needed  with  a  minimum  of 
changes.  The  potential  usefulness  for  this  telemetry  system  extends  to 
other  applications  which  may  require  remote  voltage  monitoring  for 
varying  periods  of  time. 

6 .  RECOMMENDED  IMPLEMENTATION 

The  two-channel  telemetry  read-out  system,  when  used  with  the  3-in. 
spin  air  gun,  will  permit  more  acceptance  testing  of  battery  power 
supplies  for  the  M735  and  XM749  fuzes.  Batteries  can  be  activated  in 
the  factory  at  far  lower  cost  than  during  field  testing.  The  facility 
has  the  added  advantage  of  providing  quick  test  results  for  proposed 
changes  in  battery  design.  The  results  of  this  effort  will  be  imple¬ 
mented  by  the  engineering  division  of  the  Harry  Diamond  Laboratories  in 
the  discharge  of  their  responsibility  for  establishing  manufacturing 
facilities  and  for  production  support. 
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